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Three healthy young men, ages 21 to 29, were given 2 gm NaCI four times daily p.o. for one week in addition to their usual diet estimated to contain about 8 gm NaCl. During the next 5 days sweating was induced in an environmental chamber (T = 390 C, RH. = 50%). During these 5 days their salt intake was increased to 20 gm per day. One month later the same subjects were "salt depleted"
by means of a diet containing less than 500 mg NaCl for one week. During the next 5 days, sweating was induced as before. The low salt diet was continued throughout the 5 days.
In both studies the subjects entered the environmental chamber clad in shorts. By means of mild, moderate and vigorous exercise in the form of pedaling a stationary bicycle or running in place, varying sweat rates were produced. At some time during the experiments the subjects exercised to maximal tolerance. The subjects drank water ad libitum during the experiment.
Sweat was collected at three minute intervals from the forehead on preweighed filter papers within an aluminum chamber. Eight to 12 samples were collected from each subject on each day.
Sweat volumes were determined grnvimetrically. The filter papers were eluted with ion-free distilled water and the sodium concentrations determined with a Perkin-Elmer atomic absorption spectrophotometer. The sodium concentrations and rates of sodium excretion were plotted against sweat for each subject on each day of sweating.
The rate of sodium excretion vs. sweat rate is linear at high sweat rates (6) . The best straight line was fitted by the method of least squares. The slope of this one and its positive "x" and negative "y" intercepts were determined by computcr.t
The slope of the line is given as the sodium concentration of the secretory fluid, the positive "x" intercept is given as the maximal free water clearance and the negative "y" is given as the maximal rate of water free sodium reabsorption (6) .
RESULTS
Plots of sodium concentration versus sweat rate for each subject on each day of sweating arc shown in Figure 1 signed to answer the question: Does sodium intake alter the function of the eccrine secreDuring profuse thermal sweating the human eccrine sweat gland undergoes marked cytologic alterations consisting of loss of glycogen and vacuolization of both the secretory coil and duct, depletion of granules from the small, dark cells and a decrease in size and apparent fusion of the large pale cells (1) . These changes arc minimal in the presence of salt-loading and maximal in salt depletion (2) . In addition, the rate of sweat sodium secretion is considerably lower in salt-depleted subjects compared with those given large amounts of salt (3).
The mechanism of the functional effects of salt intake has been well established. Sodium depletion leads to an increased production of aldosterone which, in turn, increases sodium reabsorption by the sweat duct (4). A high sodium intake, on the other hand, lessens aldosterone secretion and sodium reabsorption by the duct is correspondingly lower. Thus, the cytologic changes observed in the sweat duct as a result of sweating might somehow reflect the activity of these cells as their ability to reabsorb sodium increases. This supposition also gains support from the observation that analogous changes can be seen in ductal cells even in the presence of salt-loading if a potent mineralocorticoid is given concomitantly (5). It should be recalled, however, that the secretory cells also change during sweating in salt-depleted subjects. What effect, if any, might these alterations have on sweat gland function? Until recently this question could not be answered but recent methodological advances (6) rates, the range of sodium concentrations in the sweat and the approximate rate at which a sodium concentration of 70 mEq/L would be produced (from Figure 1 ) are shown in Tables   I and II . The sweat rate is unaffected by salt intake, but the sodium concentration of the sweat at any given sweat rate is invariably less on each day that the subjects were receiving a low salt intake. This difference is brought out most clearly at high sweat rates, since at low sweat rates the concentrations of sodium in the sweat are in a similar range regardless of salt intake. Figure 2 gives plots of sweat rate versus rate of sodium excretion. The derived values for the sodium concentration of the secretory fluid, the maximal rate of water free sodium reabsorption in the duet, and the maximal free water clearance are shown in Tables III and IV. The average sodium concentration of the secretory fluid is somewhat lower when the subjects were receiving a low salt intake (126 mEq/L) than on a high salt intake (138 mEq/L) but this difference is not significant (p -0.3-0.5).
The range of derived values for the sodium conditions of salt intake. Both maximal free water clearance and Water-free sodium reabsorption are invariably greater when the subjects were receiving a low salt intake.
SALT INTAKE AND SWEAT GLANDS

DISCUSSION
From these data it is clear that a low salt intake results in a decreased excretion of sodium in the sweat. These results agree with those of Robinson et al. (7) who have observed a similar response of the sweat glands to salt depletion. This response is due to an increased ductal reabsorption of sodium which is not accompanied by an increased reabsorption of water since the sweat rate was unaffected by salt intake.
Of particular interest is the ability of the sweat duct to maintain a high maximal ductal sodium reabsorption in the salt-depleted subjects throughout the 5 days of sweating. This ductal responsiveness contrasts sharply with that of the renal tubule which tends to "escape" from the effects of aldosterone within a few days despite a continuing high rate of secretion of the hormone (8) .
The sweat duct also differs markedly from the renal tubule in its capacity to reabsorb water. In the present study we observed no significant changes in the maximal sweat rate as a result of salt intake despite the consistent increased ductal reabsorption of sodium in the salt-depleted subjects. In further contrast to the renal tubule, the sweat duct does not respond to antidiuretic hormone (9) .
These attributes of the cccrine sweat duct, i.e., continual responsiveness to aldosterone and a limited capacity to reabsorb water, are crucial to the process of acclimatization to heat, since they constitute an efficient mechanism by which sweat with a low sodium and high water content can be made available to provide for evaporative heat loss. Why the sweat duct functions so differently than the renal tubule is not understood, but some relevant data are available. In contrast to the single-cell layered renal tubule, the sweat duct is lined by both a basal and luminal cell. This structural dissimilarity would be likely to be associated with functional differences as well. Furthermore, the eccrinc sweat duct, unlike the renal tubule, undergoes gross morphologic alterations as a result of functional activity. Of course, the critical question is whether these cytologic changes are responsible for the continuous responsiveness of the duct to aldosterone or are simply the result of it. Unfortunately, this question cannot be answered at this time.
Although at least some relation between structural and functional changes can be alleged in the case of the sweat duct, little can be said about the functional effects of morphologic alterations in the secretory coil. The secretory cells (presumably the large, pale type) actively secrete sodium and must almost certainly be freely permeable to water. Thus, the secretory or precursor fluid elaborated by these cells has a sodium content approximately equal to that of cxtraccllular fluid. This function is unaltered by variation in salt intake. The rate of sweating also appears to be a function of the activity of the secretory cells since the sweat duct evidently reabsorbs a small constant fraction of the water traversing its lumen. Therefore, the rate of elaboration of secretory fluid by the large pale cells was also unaffected by sodium depletion or loading since the sweat rate remained the same. We conclude that the previ-SALT INTAKE AND SWEAT GLANDS 455 ously observed morphological changes which occur in the secretory cells during profuse thermal sweating are without functional significance.
SUMMARY
Subjects receiving a low sodium intake have a consistently lower rate of sweat sodium excretion than subjects receiving a high salt intake. This difference results from an increased sodium reabsorption by the sweat duct in the salt depleted subjects as determined by use of a model system for analysis. Salt intake is without effect, either on the concentration of sodium in the precursor fluid elaborated by the secretory cells or on the rate of sweating. We conclude that the marked morphologic changes previously observed in the secretory cells as a result of profuse thermal sweating have no functional significance.
